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Radiational Flux due to primary Scattering
falling on the Horizontal Plane
in the High Atmosphere.
By Shizuko UEMURA, Takao SATO,
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Abstract
In the first paper (Ref.1 ) named by the same title (I) as the present the
author has computed the intensity of scattering at 5Km level in four wave-
length ranges, each of has the partial energy equal to 1/4 of the total solar
energy falling on the upper limit of the earth's atmosphere. In the second
paper (Ref.2) he has investigated the same problem at 75 levels from 1 Km to
38Km height, the interval between adjacent two levels being 500m. Moreover
the total solar energy is divided into 12 wavelength ranges, each of which has
the partial energy equal to 1/12 of the total. The study is restricted only to
the primary in the plane normal to the vertical plane passing through the
sun's centre in the sky dome. In the third paper (Ref.3) he has investigated
the primary scattering intensity falling on the horizontal plane of 1 cm at the
above mentioned 75 level points in the case of the sun's altitude h=30°, 60°
90°, and found the next four laws, here q being connected with the height of
level points by H=1/2(q+1), and λi′ the wavelength.
1. The intensity decreases with increasing q for each h and each λi'.
2. The intensity increases with increasing h for each q and each λi′.
3. The value of the wavelength in which the intensity becomes max. de-
creases with increasing q for each h.
4. The values in the same meaning as 3 decreases with increasing h for
each q.
In the paper just mentioned, the energy of the Sun outside the earth's at-
mosphere for λi′ has been gained from the reserch of Abbot. Let θ1 be the
angle between a line passing through Eg, which is hereafter named by θ1 line,
and 0 Eq line. Let A be the azimuth of the vertical plane containing θ1 line
relative to the Sun's side. Taking the following values of θ1 and A : θ1=90
+5n (n=1～6), 150, 180;A=0, π/2, and 3π/2, we have computed the
primary scattering intensities coming from (θ1 A1) directions by the combi-
nation of all values of θ1 and A mentioned above. On the foundation on this
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computation we have further computed the horizontal intensity by the primary
scattering in each of 12 wavelength domain falling on the upper side of E
plane for the sun's altitude h=30°, 60° and 90°
In the fourth paper, i. e. this paper, he has investigated the same problem
taking the next values of θ1 and A:
θ1=120, 150; A=0,π/2, and 3π/2, and compared the result of the 3rd
with that of the fourth. We have found that the former result is greater than
the latter for every combination of q, λi′ and h.
1. Introduction. In the preceding paper the author has researched the hori-
zontal primary scattering intensity falling on the earth's surface (Ref. 1 ).
In this paper he has computed the values falling on the upper sides of the ho-
nzontal planes at the level of (q+ 1 )/2Km, q- 1 -75.
2. The method of computation. Let 0 and O′ be the earth's centre and a
point on its surface. Take 75 points E,E2 Eg---E75 on the prolonged line
of OO', i. e. the vertical line at O'. Theelevation of E, from O'is lKm, and
two adjacent points Eq and E帥are apart frcm each other by 500m. Hence,
o′Eq-‡(Q+1) Km. Consider a horizontal plane of 1 cm2 area on Eg point,
which is vertical to OE9. It is named by Eg plane. This plane can receive
the primary scattering intensity generated by the atmosphere in the sky por-
tion bounded by a horizontal plane at E。 and the atmospheric upper limit.
The intensity is of course the horizontal primary scattering intensity falling on
the upper side of Eg plane. Now, we divide the total energy of the Sun outside
the earth's atmosphere into twelve domains. Let pォ, λl, λ/, k and I。 (λi') be
respectively the mean transmission coefficient of each domain, the upper limit
of wavelength of the domain, the wavelength corresponding to pォ, extinction
coefficient corresponding to p* and the Sun's energy outside the earth s atmos-
phere. We have the following table (Ref. 1 ).
The values of pォ,λi,λらt.(λ 0,kォ
i 1 2 3 4
pi 0.600 0.795 0.867 0.912
λ` 0.409 0.466 0.519 0.577
λ i′ 0.3572 0.4364 0.4910 0.5445
I。(λ0 1655 2806 3109 2799
k` 0.4924-10"3 0.2210-10"3 0.1380-1Q-3 0.8915-10"4
日b翌」^^^^HIL
p* 0.973 0.985 0.991 0.995
λ 0.793 0.905 1.058 1.282
λ i′ 0.7456 0.8567 0.9850 1.1396












kt 0.2595-10-4 0.1482-10「 0.8519-10"3 0.4753-10~s 0.1601-10"5 0.1940-10'6
Io(λ O is gained from Abbot's research and Linke's Table. The unit and
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wavelength width are (cal/cm.min).10T6 and 0.001 p . 
Let 6 , be the angle of a line passing through Eq, which is hereafter named 
by 6 t line, from O Eg line. Let A be the azimuth of the vertical plane con-
taining 6 f line relative to the Sun's azimuth. Take the following values of 
O, and A : 6 1=120, 150, 180 in a degree unit, A= O , 7r/2, 5~/2. 
In this case the atmosphere model is the same as in (Ref. I . ) and its upper 
limit amounts to 40Km height. Let O " be the intersecting point of 6 1 Iine by 
the atmospheric upper limit, and now let T. be a point on O I Iine which is 
apart from Eq by the distance of r. The amount of primary scattering dp, 
received at Eq Point from an air portion at T. exposed to the direct solar ray 
bounded by a cone of one steradian, with its axis at ( 6 1 A) direction and its 
vertex at Eq, and a shell of I m width with its centre at T. becomes in the 
unit of the incident direct solar ray. 
1 
dP* = (16 f: ) 5 k p(T )( I +cos p)p s(T.) ( I ) 
cos (p =sin e I COSACOS h -cos 6 ,sin h ( 2 ) 
, here p(T.) being the atmospheric mass in I nf at T., ~(T.) is the sum of 
two traversed masses when the direct solar ray reaches T. from the upper at-
mospheric limit and the scattered ray reaches Eq from T. in the unit of whole 
atmospheric mass penetrated by the vertical cylinder at O ' (Ref. 2 ). 
Now put 
p(T.)pi~(T') = S'( i q 6 1 A r h ) ( 5 ) 
then 
1 
dp =( )5ki(1 +cos2~p)S'( i q OIA r h) (4) ' 167r 
Let us denote 
dHp. =dptsin( 6 1 ---･It2 ) ( 5 ) 
11 
Then we have only to execute multiple : integration to dHpS cos ( 6 t -=) 
*. 
 
with respect to r from Eq to O " along 6 t line and 6 * from o I = 7c /2 to 
1:: and A from A = O to A = 2 7r to find the horizontal scattering intensity Hv' 
(iqh) at Eq, i. e. 
.* 
Hp,(1 q h) fdA fd6 fdr dHp, cos (O,--) 7r 6) 2 
Eq 
The integrant in ( 6 ) is 
( ) 5 ki( I +cosa p) S'( i q 6 aA r h)sm( a , -2-_ )cos( 6 ! l~2_ )- ( 7) 
167r 
Hence 
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= Hps(1qh) 5 ki ~ 7c dA d6 ,( I +cos2~) sin(O , -~)cos(6 1 -~) 1611 
f drS'( i q 6 tA r h) (8) Eq 
To the calculation of ( 8 ) we will depend on the numdrical integration. 
Let T1, T and T be three pomts on the line section Eq O " which devide 
EqO" into fonr equal parts and T0=Eq, T4= O ", and the value of S'(iq e 1 
Arh) at T~( n = a - 4 ) be S'( n ) and for brevity 
S(iq 6 t Ah)= S'( O )+ 4 S'( I )+ 2 S'( 2 )+ 4 S'( 5 )+S'( 4 ) ( 9 ) 
Then we calculate as follows by Simpson's formula 
f ･ ,-dr S(1q6 Arh)=j_ I . E C" S(iq6.Ah) (10) 
J~q 5 ' 
Now put 
Eq O ".S(iq e , Ah)= z;1"(iq 6 1 Ah) (1 1 ) 
Substitute (11) and (10) in ( 8 ), we get 
= 
 dAfdO ( I +cos (p) sm(6 
Hp.(1qh) 5 ki 7r= cos 6 ~ 167r '~~) ( t~~)' 
1 
T~~;L"(iq 6 Ah) (12) 
Moreover let us put 
( I +cos ~p)2~"(lq6 Ah) 2~(iq6 *Ak) (15) 
In the preceding calculation, Eq O " are expressed in the unit of the earth's 
radius 6570Km. Hereafter we will use C.G.S unit. 
as I nf=10'cm', IKm=105cm, and 
(1 1671)5ki. { 1 6570 105 10-6-5 16816k ~ 
-.~. . . - 
S , (iq 6 , Ah)=5. 1 681 6ki2~'(iq 6 , Ah) (1 5) 
is the amount of primary scattering intensity received at Eq POint from a cone 
of one steradian with its axis at ( 6 * A) and vertex at Eq We have calculated 
S1 for all combinations of i , q , 6 1 ,A, h . 
Then we have 
'* 
r f 1_ )cos(6,L_~2) (16) ~ Hp.(iqh) =J dAJ. d6 , ･ S,( i q 6 Ah)sm(O ~-
Strictly speaking, ~(Tr) is dependent to A because the mass traversed by 
the direct solar ray is evidently dependent to A although that traversed. by the 
scattered ray is never dependent. But when the Sun's altitude h >=50' we can 
recognize ~(Tr) to be independent to A with negligible error in this research, 
then I +cos (p rs the only one exlstmg expressron m (i5) that Is dependent to 
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A. Let us define F( i q 6 ,A h) by (17) 
F(1 q e Ah) sm(6 ~)cos(6,-~)S,(1 q e Ah) (17) 7t 
To calculate the horizontal scattering intensity we must in general use the 
next procedure : we will at first integrate F with respect to 6 , and then in-
tegrate thus obtained result with respect to A. This procedure demands us 
very much labour. But we can fortunately utilize the fact that the only exis-
ting expression ( I +cos2(p) in (1 7) is dependent to A which is clear from the 
above explanation. This utilization enables us to save some extent of the la-
bour. 
A.s S( i q 6 , A h ) is independent to A in this case we can put S( i q 6 1 h ) 
instead of S( i q 6 , A h). From (15) we get 
lr ~ S ( I q 6 Ah)sm(O ,-~)cos(6 ,-~)=5 16816ki( I +cos p) 
~ 7c EqO" ･ S( i q 6 , h)sin( 6 t --~~) cos( 6 1 -I~) (18) 
When if we put 
EqO".S(i q 61Ah)=S2( i q o h) (19) 
(1 7) becomes 
lr ~ S,( i q o A h)sm(O ,-~r)cos(6 ,-~)=5 16816k ( I +cos (p) 
sm(6 , -~)cos(O , -~)S2( I q 6 h) (20) 
Let us put 
5.16816k~( I +cos=co)= f( I q 6 Ah) (21) 
Then 
Hp.( I q h) = 
"dAfd6 F( I q 6 Ah) = f dAfdO 
7c 7r f ( i q 6 a A h)S 2( i q 6 , h)sin(6 1 -~) cos (e , -~) (22) 
It is clear that 
'* 
 
7c f f(i q 6 Ah)dA=~{f(1 q6 o h)+ f(1 q c,~h) 
+ f ( i q 6 , 7r h)+ f ( i q 6 I~7r h)} (25) 
' Denote the blacket of the right hand side by f '( i q 6 , h ) in (25). Then 
7r 
f t ~ Hp*( i q h) = d6 ･ f'( i q 6lh)Sa( i q 61 h)sm(O,-2-) ~ 
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~ 
Calculate f "( I q e * h) by 
7T 7c f '( i q e , h) sm( 6 , -~)cos( 6 ,-~)=- f "( I q 6 h) (25) 
Then 
f 7c Hp.( i q h) d6 * f "( i q 6 1 h)S2( i q 6 * h) (26) =~ 
By putting 
f"(i q6 h)S (1 qe h) S (1 q6 h) (27) 
f ~ Hp.( i q h) = d6 * ･ S3( i q 6, h) (28) ~ 
we have calculated S 3( i q 6 , h ) for the above mentioned values of i, q, O , 
and h. we have replaced the integration of S 3( i q 6 1 h ) with respect to 6 t 
by numerical integration. Hence the numerical formula of Hp, will be 
71 5 71 Hp,( i q h)=~ ' ~ '~{S3( I q 12C h)+s3( I q 150 h)} (29) 
5. The result of computation. 
The computations results for each wavelength domain Di are tabulated in 
Table I , 2 and 5. in ( I 112) ･ I*. 10-" unit. Sum up these 12 values of each 
domain and divide by 1 2, then we can get the value for the total wave, Iength 
in I.. I O-" unit given in the notation T in Table. In the Table q = O in the 
column of q means the earth's surface, q = I and q means the level of I Knl 
height and ( q + I )/ 2 Kin , so that the value for the level of 500m height is not 
calculated. 
The attached mark * indicates the change of common unit. Let us denote 
Q as the value of q at which the value changes a unit. It should be noticed 
that the value of n in the array of the upper side is applied to the range from 
q= O to Q -1. However, n in the array of the lower side is applied to that 
from Q to 75. 
The values tor A i' given in Table 4 , 5 and 6 are not introduced in the 
pa per. 
4. Some results. We can derive the folowing laws from the Tables as far as 
the primary scattering is concerned. 
1 : The intensity decreases with increasing q for each h and each D,1' 
2 : The intensity increases with increasing h for each q tand each Dt. 
5 : The value of the wavelength in which the intensity becomes max. 
decre~ses with irlcre~sing q for each h. 
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4 : The value in the same meaning as 5. decreases with increasing h for 
each q. 
The ratios of the values in Table I ,2 and 3 to the corresponding values 
in Ref. 5 ( i , e , Table I in Ref. 5 ) are tabulated in Table 7 . 8 . 9 . 
We can find the next laws existing from this research : 
1 : The value decreases with increasing wavelength for each h and q. 
2 : It decreases with increasing q for each h and wavelength. 
5 : It increases with increasing h for each q and wavelength. 
(End) 
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この方法による水平面福射量をA.とし, θ-5-, 10-, 15-, 20-, 25-, 300 60-,A-0,
す, π, ÷πの組合せにより計算した値をA2とするとき, A,!A之の値は次の法則に従って
冗
いることが判明した。
1.倍は各h,各qにつきλの増すに従い滅ずる。
2.値は各h,各λにつきqの増すに従い減ずる。
5.値は各q,各λにつきhの増すに従い増加する。
(以上)
